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DEPARTMENT OF THE ARMY
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS

i "CUSTOM HOUSE-2 D & CHESTNUT STREETS

lPHILADELPHIA. PENNSYLVANIA 19104

9N REPLY REFER TO

NAPEN-N

£4APR S81

Honorable Brendan T. Byrne
Governor of New Jersey
Trenton, New Jersey 08621

Dear Governor Byrne:

Inclosed is the Phase I Inspection Report for Morris Lake Dan in Sussex
County, New Jersey which has been prepared under authorization of the Dam
Inspection Act, Public Law 92-367. A brief assessment of the dam's
condition is given in the front of the report.

Based on visual inspection, available jcords, calculations and past

operational performance, Morris Lake Dam, a high hazard potential structure,
is judged to be in fair overall condition. The dam's spillway is considered
inadequate because a flow equivalent to 51 percent of the Probable Maximum
Flood would cause the dam to be overtopped. To ensure adequacy of the
structure, the following actions, as a minimum, are recomnded:

a. The spillway's adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods, procedures, and studies within six months from the date of approval
of this report. Within three months of the consultant's findings, remedial
measures to ensure spillway adequacy should be initiated.

b. The following remedial actions should be initiated within three

months from the date of approval of this report:

(1) Perform additional investigation to determine seepage conditions
through and under the dam, the engineering properties of the dam and
foundation, and whether or not conventional safety margins exist under more
severe stress conditions than those observed during our inspection, and,
what modifications may be required to achieve such safety margins.

(2) Provide emergency low level outlets for the dam.

(3) Repair areas of spelled and deteriorated concrete on the dam
appurtenances.

(4) Investigate the cause of cracking and separation and repair the
facing on the downstream side of the dam.
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Honorable Brendan T. Byrne

c. The owner should develop written operating procedures and a periodic
maintenance plan to ensure the safety of the dam within one year from the
date of approval of this report.

d. An emergency action plan should be developed which outlines actions
to be taken by the owner to minimize the downstream effects of an emergency
at the dam within three months from the date of approval of this report.

A copy of the report is being furnished to Mr. Dirk C. Hofman, New Jersey
Department of Environmental Protection, the designated State Office contact
for this program. Within five days of the date of this letter, a copy will
also be sent to Congressman Courter of the Thirteenth District. Under the
provision of the Freedom of Information Act, the inspection report will be
subject to release by this office, upon request, five days after the date of
this letter.

Additional copies of this report may be obtained from the National Technical
Information Services (NTIS), Springfield, Virginia 22161 at a reasonable
cost. Please allow four to six weeks from the date of this letter for NTIS
to have copies of the report available.

An important aspect of the Dam Inspection Program will be the implementation
of. the recommendations made as a result of the inspection. We accordingly
request that we be advised of proposed actions taken by the State to
implement our recommendations.

Sincerely,

1 Incl JAMES G. TON
As stated Colonel, Corps of Engineers

District Engineer

Copies furnished:
Mr. Dirk C. Hofman, P.E., Deputy Director ,
-Division of Water 

Resources

N.J. Dept. of Environmental Protection
P.O. Box CN029 f
Trenton, NJ 08625

Mr. John O'Dowd, Acting Chief _

Bureau of Flood Plain Regulation
Division of Water Resources .
N.J. Dept. of Environmental Protection .
P.O. Box CN029
Trenton, NJ 08625

- - ." . ... ..-.



MORRIS LAKE DAM (NJO0306)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on 12 September and I December 1980 by Langan
Engineering Associates, Inc. under contract to the State of New Jersey. The
State, under agreement with the U.S. Army Engineer District, Philadelphia,

had this inspection performed in accordance with the National Dam Inspection

Act, Public Law 92-367.

Morris Lake Dam, a high hazard potential structure, is judged to be in fair

overall condition. The dam's spillway is considered inadequate because a

flow equivalent to 51 percent of the Probable Maximum Flood would cause the

dam to be overtopped. To ensure adequacy of the structure, the following

actions, as a minimum, are reconended:

a. The spillway's adequacy should be determined by a qualified

professional consultant engaged by the owner using more sophisticated

methods, procedures, and studies within six months from the date of approval

of this report. Within three months of the consultant's findings, remedial
measures to ensure spillway adequacy should be initiated.

b. The following remedial actions should be initiated within three
months from the date of approval of this report:

(1) Perform additional investigation to determine seepage conditions

through and under the dam, the engineering properties of the dam and

foundation, and whether or not conventional safety margins exist under more
severe stress conditions than those observed during our inspection, and,

what modifications may be required to achieve such safety margins.

(2) Provide emergency low level outlets for the dam.

(3) Repair areas of spalled and deteriorated concrete on the dam
appurtenances.

(4) Investigate the cause of cracking and separation and repair the

facing on the downstream side of the dam.

c. The owner should develop written operating procedures and a periodic
maintenance plan to ensure the safety of the dam within one year from the
date of approval of this report.

d. An emergency action plan should be developed which outlines actions

to be taken by the owner to minimize the downstream effects of an emergency
at the dam within three months from Zhe date of ipproval of this report.

APPROVED:.,
kz JAMES G. J?

Colonel, Corps of Engineers

'District Engineer

DATE: /,~d(Cc/



PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

NAME OF DAM: MORRIS LAKE DAM

ID NUMBER: FED ID No NJ 00306

STATE LOCATED: NEW JERSEY

COUNTY LOCATED: SUSSEX

STREAM: TRIBUTARY OF
WALLKILL RIVER

RIVER BASIN: HUDSON

DATE OF INSPECTION: SEPTEMBER & DECEMBER 1980

ASSESSMENT OF GENERAL CONDITIONS

- Morris Lake dam, classified under high hazard potential category, is in fair
overall condition. The structural stability of the dam is uncertain. The concrete
gunite facing on the downstream face of the dam has numerous large cracks and is
separating from the dam in areas. There is seepage through one of the cracks.
Spalling and deteriorating concrete exist at a number of locations or. the upstream and
downstream face of the dam, and are particularly severe at the east upstream
abutment and on the spillway wingwall near the west abutment. The condition of the
original masonry dam within the present dam is unknown. There is no emergency low
level outlet for the dam. There is no engineering data available concerning the design
or construction of the original dam or subsequent modifications. The spillway capacity
as determined by the Corps of Engineers screening criteria is inadequate. The dam
can adequately pass only 50% of the PF-t-P-

-The following are recommended to be done soon:,

Perform additional investigation to determine seepage conditions through and
under dam, the engineering properties of the dam and foundation, and whether or not
conventional safety marigns exist under more severe stress conditions than those
observed during our inspection, and, what modifications may be required to achieve
such safety margins. Provide emergency low level outlet for the dam. Repair areas of
spalled and deteriorated concrete on the dam appurtenances.
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The following are recommended to be done in the near future:

Investigate the cause of cracking and separation and repair the facing on the
downstream side of the dam. Establish a warning system and develop written
operating procedures and a periodic maintenance plan to ensure the safety of the dam.
The spillway capacity is estimated to be inadequate. The capacity of the spillway and
SDF should be determined using more precise and sophisticated methods and
procedures.

K e

K. Peter Yu, P.E.
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PHASE I INSPECTION REPORT

NATIONAL D"M SAFETY PROGRAM

NAME OF DAM: MORRIS LAKE DAM

ID NUMBER: FED ID No NJ 00306

STATE LOCATED: NEW JERSEY

COUNTY LOCATED: SUSSEX

STREAM: TRIBUTARY OF
WALLKILL RIVER

RIVER BASIN: HUDSON

DATE OF INSPECTION: SEPTEMBER & DECEMBER 1980

Lm LANGAN ENGINEERING ASSOCIATES. INC.

Consulting Civil Engineers
990 CLIFTON AVENUE
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201-472-9366
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PREFACE

This report is prepared under guidance contained in the Recommended Guidelines
for Safety Inspection of Dams, for Phase I Investigations. Copies of these guidelines
may be obtained from the Office of Chief of Engineers, Washington, D. C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously those dams which may
pose hazards to human life or property. The assessment of the general condition of
the dam is based upon available data and visual inspections. Detailed investigation,
and analyses involving topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a Phase I investigation;
however, the investigation is intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported condition of the
dam is based on observations of field conditions at the time of inspection along with
data available to the inspection team. It is important to note that the condition of a
dam depends on numerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume that the present
condition of the dam will continue to represent the condition of the dam at some point
in the future. Only through continued care and inspection can there be any chance
that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic and hydraulic
analyses. In accordance with the established Guidelines, the Spillway Test flood is
based on the estimated "Probable Maximum Flood" for the region (greatest reasonably
possible storm runoff), or fractions thereof. The test flood provides a measure of
relative spillway capacity and serves as an aide in determining the need for more
detailed hydrologic and hydraulic studies, considering the size of the dam, its general
condition and the downstream damage potential.



SECTION 1 PROJECT INFORMATION

1.1 General

Authority to perform the Phase I Safety Inspection of Morris Lake Dam
was received from the State of New Jersey Department of Environmental
Protection, Division of Water Resources by letter dated 12 August 1980. This
Authority was given pursuant to the National Dam Inspection Act, Public Law
92-367 and by agreement between the State and the US Army Engineers District,
Philadelphia.

The purpose of the Phase I Investigation is to develop an assessment of the
general conditions with respect to safety of Morris Lake Dam and appurtenances
based upon available data and visual inspection, and determine any need for
emergency measures and conclude if additional studies, investigations and
analyses are necessary and warranted. The assessment is made using screening
criteria established in Recommended Guidelines for Safety Inspection of Dams
prepared by the Department of Army, Office of the Chief of Engineers. It is not
the purpose of the inspection report to imply that a dam meeting or failing to
meet the screening criteria is, per se, certainly adequate or inadequate.

1.2 Project Description

a. Description of Dam and Appurtenances

Morris Lake Dam is a concrete faced stone masonry gravity structure with
an overall length of dam and appurtances of approximately 205 feet and an
effective length of 160 feet. The dam is reported to have a vertical
upstream face and a 2 vertical to I horizontal downstream face. The main
axis of the dam is slightly concave downstream and is oriented in a east-
west direction separating the upstream Morris Lake and the downstream
Glen Lake. Based on available information, the original dam was
constructed of granitic rock. At a latter date the dam was raised several
feet to its present level and the stone masonry dam was faced with an
unknown thickness of reinforced concrete (gunite) on the upstream side and
approximately 1 1/2 inches of unreinforced concrete on the downstream
side. The top of the dam is approximately 5 feet wide. The dam is
reported to have a maximum height of 38 feet and to be founded on the
bedrock. The depths from top of dam to upstream and downstream lake
bottom measured in the center of the dam are approximately 15 feet.

The spillway has a broad crested weir of trapezoidal cross section and it
exists in the form of a rectangular opening near the west abutment of the
dam. The opening measures approximately 2 feet'high and 14 feet wide
with the base located approximately 3.2 feet below the top of the dam. It
is reported that stop logs have been used in the past to increase the storage
elevation of the dam.

A gatehouse exists on the crest of the dam about 1/3 of its length from the
east abutment.

.................................t .--- .- ,.£, -



There are presently two outlet pipes, of 12 inch and 16 inch diameter,
existing through the dam below the gatehouse. Both pipes are water supply
mains for the Town of Newton and a small portion of the Town of Sparta.
Based on conversations with the dam's caretaker, the normal daily
consumption rate is 800,000 gallons per day.

A more elaborate description of the water works for the reservoir is
included in Appendix 4.

b. Location

Morris Lake Dam is located at the southern end of Morris Lake and the
northern end of Glen Lake in Sparta, Sussex County, New Jersey. It is
located at north latitude 41002.6' and west longitude 74o36.51. A regional
vicinity map is given in Fig. I.

c. Size Classification

The maximum storage capacity of Morris Lake Dam is estimated to be
2,985 ac ft. The dam is classified as intermediate in size based on this
storage capacity which is more than 1,000 ac ft but less than 50,000 ac ft.
The dam is classified as small based on its maximum height of 38 feet
which is less than 40 feet. Accordingly the dam is classified as
"Intermediate" in size.

d. Hazard Classification

Morris Lake Dam is listed as having a "High" Hazard potential on the
National Inventory of Dams. The downstream potential damage centers of
Sparta Glen, a recreation area, and the northern portion of the Town of
Sparta are located approximately 1/2 and 1 1/2 miles from the dam. Based
on visual inspection of the downstream area, a failure of Morris Lake Dam
would result a surge of water into Glen Lake immediately downstream thus
causing possible overtopping and failure of Glen Lake Dam, which in turn
would result in flooding of Sparta Glen, and possibly the northern portion of
Sparta. This represents a potential for more than a few loss of lives.
Accordingly, it is recommended to keep the Hazard Potential
Classification for Morris Lake Dam as "High".

e. Ownership

Ownership of Morris Lake Dam is by The Town of Newton, 39 Trinity
Street, Newton, New Jersey.

f. Purpose of Dam

The purpose of the dam is public water supply for the Town of Newton and
a small portion of the Town of Sparta.

-2-



g. Design and Construction History

Based on conversations with Town of Newton officials and published
reports, the construction history of Morris Lake Dam is believed to be as
follows:

The dam was originally constructed in 1894-1895 as a stone masonry dam
for the purpose of water supply. The dam was engineered by Louis L.
Tribus, of New York, New York and constructed by Smith and McCormick.
In 1927, apparently due to seepage of water through the dam, the
upstream face of the dam was covered with a thickness of up to one foot of
reinforced concrete (reported to be gunite) and the downstream face with a
I to 1 1/2 inch thick coating of unreinforced concrete.

At this time, the existing gatehouse was added and the dam raised several
feet. Engineering for the Gatehouse was performed by William 3. Hardin
and construction was performed by John W. Heller, Co. In 1929 a new
water intake was installed in the lake. Engineering for this new intake was
by the firm of Tribus and Massa and constructed by Merritt, Chapman and
Scott Corp., New York.

Also in this time period a 20 inch diversion pipeline was installed between
the head gate at Pine Swamp Brook and Morris Lake which replaced a
diversion channel constructed in 1895. This diversion pipe is used only
during dry periods when the level of Morris Lake drops to the point of not
adequately servicing the water needs of the Town of Newton. In 1976 a
16 inch water supply pipe was installed through a former 24 inch low level
outlet, thereby eliminating an emergency low level outlet for the dam.

h. Normal Operational Procedures

Based on conversations with representatives of The Newton Department of
Water, operational procedures are the following:

Chlorine and fluoride are added at the Gatehouse prior to the water
entering the 12 and 16 inch water supply pipelines. Daily lake level
readings are taken to depth of water below spillway. Daily records of
water flow through the pipelines are maintained.

1.3 Pertinent Data

a. Drainage Areas 1.07 sq mi for Morris
Lake under normal
conditions.
3.5 sq. ini. when head
gates at Pine Swamp
Brook are opened
during dry periods.

b. Discharge at Damsite

Maximum known flood at damsite unknown

Ungated spillway capacity at max. pool elev. 283 cfs (Assumed top of
-3- dam.



c. Elevation (ft. above MSL)

Top of Dam 942.8

Maximum pool-design surcharge unknown

Spillway crest 939.6

Streambed at centerline of dam 928+

Maximum tailwater Unknown. Approx.
el 930.8 at time of
inspection

d. Reservoir

Length of maximum pool Approx 3,450 ft

Length of normal pool Approx 3,400 ft

e. Storage (acre-feet)

Normal pool Approx 2,470 ac ft

Top of dam Approx 2,985 ac ft

f. Reservoir Surface (acres)

Top dam Approx 165

Maximum pool Approx 165
(Assumes top of dam)

Normal pool Approx 157 (Assumed
to be spillway crest)

Spillway crest Approx 157

g. Dam

Type Concrete faced stone
masonry gravity

Length 160 ft

Height 15 ft (top of dam to
downstream streambed)
38 ft (top of dam to
Bedrock)

Top Width Approx 5 ft

Side Slopes U/S vertical
D/S 2V:1H

-4-



Zoning Unknown

Impervious Core Unknown

Cutoff Foundation reported

to be on bedrock

Grout curtain None reported

h. Spillway

Type Broad crested
trapazoidal weir

Length of weir 14 ft

Crest elevation 939.6 ft MSL

Gates None

U/S Channel Vertical face

D/S Channel lH to 2V

i. Regulating Outlets 12" water supply main
16" water supply main

SECTION 2 ENGINEERING DATA

2.1 Design

No engineering design data pertaining to engineering values, calculation or
test results for the original structure or subsequent modifications have been
found.

2.2 Construction

The available data pertaining to the construction and modifications of the
dam and appurtenances known to exist and to be possessed by the town of
Newton, New Jersey are:

Engineer's Final Report on Construction of the Newton, New Jersey Water
Works dated November 30, 1895 by Louis L. Tribus.
Notes on Newton, New Jersey Water Works Construction and Litigation by
Louis L. Tribus, New England Water Works Association, Vol XXIII, No. 2,
June 1909, included in Appendix 4.
Survey, 20" Cast Iron Pipe Line in Morris Lake, Sussex County, New Jersey
for Newton Water Works by Tribus and Massa, September 1929.



2.3 Operations

There is a full time resident at the dam. The resident reportedly makes
daily visual examinations of the dam and appurtenances as part of his daily
duties, together with his performance of items given in normal operational
procedures.

2.4 Evaluation

Available information concerning the engineering properties of the dam
and foundation materials and materials used in subsequent modifications is not
adequate to evaluate the design and construction of the dam.

SECTION 3 VISUAL INSPECTION

Morris Lake Dam is in fair overall condition. The gunite facing on the
downstream face of the dam has numerous large cracks. The gunite surface
below the cracks appears to have separated from the body of the dam. Weeds
are growing in many of these cracks. There is limited seepage from a crack in
the gunite surface approx 10' below the top of the dam in the area of the
gatehouse. There are bulges in the gunite surface on the downstream face at the
water line. The upstream face of the dam, where visible, has occasional areas of
spalling and cracking of the gunite surface. The concrete forming the east
abutment is spalled and deteriorating on the upstream face. The concrete
downstream wingwall on the west side of the spillway is extensively spalled and
deteriorated.

The gatehouse appears in good general condition with all equipment
reported in operable condition.

Conversations with a representative of the Newton Department of Water
revealed the original 24 inch diameter low level outlet had been used as a sleeve
for the installation of the 16-inch water main, thereby eliminating the low level
outlet.

The reservoir is surrounded by forested watershed areas.

Immediately downstream of the dam is Glen Lake. Morris Lake Dam
separates Morris Lake from Glen Lake.

SECTION 4 OPERATIONAL PROCEDURES

General operational procedures for the dam include daily recordings of
water main flow, fluoridation and chlorination of water and periodic cleaning of
the water supply intake screens. There is a full time resident of the Newton
Department of Water living at the damsite.

No formal warning system is in effect.

-6-



SECTION 5 HYDRAULIC/HYDROLOGIC

The hydraulic/hydrologic evaluation is based on a Spillway Design Flood
(SDF) equal to the probable maximum flood chosen in accordance with the
evaluation guidelines for dams classified as high hazard and intermediate in size.
Hydrologic design data for this dam was not available. The PMF has been
determined by developing a synthetic hydrograph based on the probable
maximum precipitation of 22.3 inches (200 sq. mi.-24 hour). The Corps of
Engineers has recommended the use of the SCS triangular unit hydrograph with
the curvilinear transformation. Hydrologic computations are presented in
Appendix 3. The PMF inflow determined for the subject watershed is 4,533 cfs
(routed to 1,545 cfs).

The capacity of the spillway at maximum pool elevation (942.8) is 283 cfs
which is significantly less than the SDF. Flood routing indicates the dam will
overtop by 1.92 ft for the PMF and will not overtop for the 1/2 PMF. We
estimate the dam can adequately pass only 50% of the PMF.

The present outlet structures consist of one 12 inch CIP and one 16 inch
RCP which deliver potable water to the town of Newton. No emergency low
level outlet exists.

SECTION 6 STRUCTURAL STABILITY

Our visual observations indicate no evidence of immediate instability of
the dam exist under normal operating conditions. However, the actual degree of
stability is not certain. No information is available concerning the engineering
properties of the foundation and dam materials. The stone masonry forming the
original dam is not visible due to the gunite surfacing and its conditon is
unknown. The gunite surfacing on the downstream face of the dam has numerous
large cracks and appears to have separated from the dam in various areas.
Seepage through cracks was observed during inspection.

No design data is available for the orignal dam or subsequent modifications
made in 1927 and 1929.

Operating records pertain to daily flows through the 12 inch and 16 inch

water supply pipelines only.

There is inadequate design and construction information to determine the
actual degree of stability of the dam using present day state of the art methods.

Morris Lake dam is located in Seismic Zone I of the Seismic Zone map of
Contiguous States. The degree of stability of the dam and appurtenances under
static loading are uncertain with respect to conventional safety margins and may
be unstable under earthquake loading. Its actual structural stability should be
evaluated using state of the art methods when additional relevant information
becomes available.

-7-



SECTION 7 ASSESSMENT, RECOMMENDATIONS/REMEDIAL MEASURES

7.1 Dam Assessment

Morris Lake dam is in fair overall condition. The structural stability of the
dam is uncertain. The concrete gunite facing on the downstream face of the
dam has numerous large cracks and is separating from the dam in areas. Seepage
was observed through one of the cracks during inspection. Spalling and
deteriorating concrete exist at a number of locations on the upstream and
downstream face of the dam and are particularly severe at the east upstream
abutment and on the spillway wingwall near the west abutment. The condition of
the original masonry dam within the present dam is unknown. There is no
emergency low level outlet for the dam. There is no engineering data available
concerning the design or construction of the original dam or subsequent
modifications. The spillway capacity as determined by the Corps of Engineers
Screening criteria is inadequate. The spillway can adequately pass only 50% of
the PMF.

7.2 Recommendations/Remedial Measures

The following are recommended to be done soon:

1. Perform additional investigation to determine seepage conditions through
and under the dam, the engineering properties of the dam and foundation,
and whether or not conventional safety margins exist under more severe
stress conditions than those observed during our inspection, and, what
modifications may be required to achieve such safety margins.

2. Provide emergency low level outlets for the dam.

3. Repair areas of spalled and deteriorated concrete on the dam
appurtenances.

The following are recommended to be done in the near future:

1. Investigate the cause of cracking and separation and repair the facing on
the downstream side of the dam.

2. Establish a warning system and develop written operating procedures and a
periodic maintenance plan to ensure the safety of the dam.

3. The spillway capacity is estimated to be inadequate. The capacity of the
spillway and SDF should be determined using more precise and
sophisticated methods and procedures.
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APPENDIX I

HYDROLOGIC AND HYDRAULIC DATA

CHECK LIST VISUAL INSPECTION

CHECK LIST ENGINEERING DATA
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___________ ____________



CHECK LIST

HYDROLOGIC AND IYDRAULIC DATA
ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: 1.07 sq. mi, wooded or forest land, 5.4% avg. slope

ELEVATION TOP NDRMAL POOL (STORAGE CAPACITY): 939.6 ft MSL (approx 2470 ac ft)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): 942.8 (approx 2985 ac ft)
Assumes top or dam

ELEVATION MAXIMUM DESIGN POOL: 942.8 (Assumes top of dam)

ELEVATION TOP DAM: 942.8

CREST: Spillway

a. Elevation 939.6
b. Type Broad crested trapazoidal weir

c. Width 5 ft
d. Length 14 ft
e. Location Spillover west Rhutmpn.
f. Number and Type of Gates Nnnp

OUTLET WORKS-:

a. Type 16 and 12 inch dia. water supply mains
b. Location Below gatehouse

c. Entrance inverts Approx El 920 for both
d. Exit inverts Approx El 920 for both
e. Eoergency draindown facilities None

HYDRMETEOROLOGICAL GAGES: None observed

a. Type
b. Location

c. Records

MAXIMUM NON-UDAGING DISCA " 283 cfs @ top of dam

__ _ _ __ _ _
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APPENDIX 2

PHOTOGRAPHS



Downstream face of dam. Looking 12 September 1980
west from east side of dam.

Downstream wing wall west of 12 September 1980

spillway and discharge channel.

MORRIS LAKE DAM
2-1



Upstream face of dam, east side, 12 Sel)tember 1980
showing east abutment and gate house.

Upstream face of dam, west side, 12 September 1980

showing spillway opening.

MORRIS LAKE DAM 2-2

2-2



West shoreline of Reservoir viewed 12 ! ptember 1980
from center of dam

East shoreline of Reservoir viewed 12 September 1980
from center of dam.

MORRIS LAKE DAM

-2-3
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HYDROLOGIC COMPUTATIONS
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APPENDIX 4

NOTES ON NEWTON, NEW JERSEY WATER WORKS
CONSTRUCTION AND LITIGATION
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